The increasing diversity of immigrant-receiving countries calls for measures of residential segregation that extend beyond the conventional two-group approach. The authors represent simultaneously the relative social distance occupied by a wide array of ethnic groups. They use census tract tabulations for the Toronto Consolidated Metropolitan Area in 1996 and the technique of multidimensional scaling to summarize the residential neighborhood pattern of the city's largest 50 ethnic groups. From the two-dimensional multidimensional scaling configuration, the authors find that African/Caribbean groups and blacks were highly clustered and shared common patterns of segregation with other groups. This study highlights the value of looking beyond broad racial or panethnic classifications in understanding ethnic congregation and residential segregation patterns. The results also demonstrate the merits of this method in providing a more conceptually meaningful way to understand social distance among groups.
process, as real or perceived group differences become manifest in residential outcomes. These outcomes have now been accepted as one dimension of a larger process of structural integration in contemporary theories of immigrant incorporation and racial stratification (Gordon 1964; Kymlicka 1998) . In essence, Robert Park's adage that spatial distance reflects social distance has been taken to heart by social scientists who study urban social structure resulting in the development of numerous indices to quantitatively measure levels of residential integration.
Residential segregation statistics have become so well established that they are now cited regularly in policy documents and even in the more popular news media. However, the growing ethnic diversity of many immigrant-receiving countries has challenged traditional approaches to segregation studies that reflect the dominant racial structure as a dichotomy of majority and minority. The context of the new migration calls for measures that extend beyond the conventional two-group index. Our objective in this study is to illustrate and exploit the use of an alternative methodology for analyzing residential clustering that more accurately captures contemporary social and spatial realities. Using multidimensional scaling techniques and the entropy index, we demonstrate simultaneously the relative social distance occupied by a wide array of groups in Toronto.
Metropolitan Toronto provides a particularly appropriate context for this study due to its considerable ethnic diversity and the availability of recent data. In 1996, Toronto had the largest metropolitan population in Canada. The Toronto Consolidated Metropolitan Area (CMA) contained more than 4.2 million residents (14 percent of the total national population), and of those 4.2 million, approximately 42 percent were foreign born. This is a larger foreign-born share than New York or Los Angeles, which had 34 percent and 36 percent, respectively. The only major North American metropolis with a larger immigrant presence is Miami, which recorded 50 percent foreign born in the 2000 U.S. census. Compared with other CMAs in Canada, Toronto's foreign-born population (1.8 million) was approximately triple that of Vancouver (633, 740) and Montreal (586, 465) .
The next section provides some background and motivation for this work on residential segregation measurement, and we argue that the proposed method will improve our substantive and methodological understanding of segregation, particularly in circumstances where a wide range of groups is present. Subsequent sections describe our data, methods, and results. We conclude with a discussion of the ways in which this approach might advance segregation analyses more generally.
BACKGROUND AND METHODOLOGICAL MOTIVATION
As contemporary industrial societies have become more ethnically diverse-and as this ethnic diversity has become a central feature of public attention-there is pressure on social science to better understand the sociospatial arrangements that accompany increasing ethnic diversity and socioeconomic achievement. At one point in time, not long ago in the United States, viewing the society literally in black and white was sufficient for understanding a major element of social cleavage. In Canada, the dualism involved the two charter groups, the English and French (Driedger 2001) . Consequently, studies of residential patterns could be limited to dichotomies. For the United States, Taeuber and Taeuber's (1965) landmark Negroes in Cities could offer a definitive view of the ethnic landscape with reference to a dichotomy of race and the use of the ''workhorse'' of segregation measurement, the Index of Dissimilarity. Even as of 1993, Massey and Denton's American Apartheid still viewed American urban ecology as a contested ground of blacks and whites. Again, the index of dissimilarity as well as exposure and isolation indices-all limited essentially to dichotomous data-offered evidence on segregation and housing discrimination.
The dualism of race continues to play an important role in society and, accordingly, in studies of residential segregation (Alba, Logan, and Stults 2000; Darden 1995) . However, throughout these several decades, there has been concern about more groups than two, and of course, some studies have looked beyond the dualism to understand segregation patterns (Alba and Logan 1993; Balakrishnan and Hou 1999; Darden and Kamel 2000; Darroch and Marston 1971; Fong 1994; Freeman 2000; Frey and Farley 1996; Iceland 2004; Johnston, Forrest, and Poulsen 2001; Kantrowitz 1973; Lieberson 1963; White, Dymowski, and Wang 1994; White and Glick 1999; White and Omer 1997) . The studies are now too numerous to recap here, but beginning in the 1970s and 1980s, increasing numbers of studies have investigated other ethnic groups, some focused on new and growing minority groups such as Latinos and Asians (Alba and Logan 1993; Darden and Kamel 2000; Fong 1994; Freeman 2000; Frey and Farley 1996) . Yet, the preponderance of these studies continued to view segregation as a dichotomy: group versus others (what we call the ''allothers'' approach) or group versus whites. In these instances, the measurement index might have been dissimilarity, isolation, exposure, or one of about two dozen other measures, but in most cases, the analysis was still limited in ethnic detail.
At the same time, while recognizing the increasing ethnic diversity of North American cities, most analyses still limited work to rather broad-panethnic-categorizations. Typically, those analyzing U.S. census data made calculations from race-Spanish origin tabulations (often these were in Summary File 1 of U.S. Bureau of the Census data products). Thus, a typical ethnic array would consist of the following: non-Hispanic black, non-Hispanic white, Hispanic, Asian and Pacific Islander, American Indian, and other. Such were the tabulations published for 1990 census data by the U.S. Census Bureau (Iceland, Weinberg, and Steinmetz 2002) and by both the census and the Mumford Center at SUNY Albany for the 2000 census (Mumford Center 2004) . To be sure, these ethnic categories captured much of what had been the focus of analysis for some time while also picking up the new panethnic groupings of Latino and Asian.
Virtually all research on ethnicity generally, and residential segregation specifically, recognizes that these categories are broad and often crude. They persist, it seems, for three reasons. First, there is some social recognition of these major ethnic divisions in society. One might argue that these broad classifications still guide social relations-that in some sense, identification within a panethnic group (white, black, Latino, Asian, American Indian) trumps or dominates the more refined ethnic and ancestry subgroups. Second, census tabulations in these broad categories offer compelling convenience and are more manageable. Third, in a polyglot nation with many individuals of mixed heritage and a complex web of tabulations, it is neither easy nor obvious to disentangle an alternative comprehensive tabulation of ethnic categories. Consequently, getting a summary picture of the interethnic segregation among dozens of distinct groups still presents a challenge. How does one distill?
While few would argue that the subgroups within a defined census category (Irish, Italian, Greek within whites; Mexican, Cuban, Dominican among Spanish origin) are equivalent socially or fully intermingled residentially, we have precious little information on the differential segregation of such detailed groups. Partly for reasons of sufficient sample size, the availability of data (including the difficulty of ascertaining subgroup counts from census data), and consistency with past practice, most studies are limited to these broad groupings. Some notable exceptions exist, such as Lieberson's Ethnic Patterns in American Cities (1963) and A Piece of the Pie (1980), which compared the experience of European immigrant groups with racial minorities in the United States, and these exceptions appear well on their way to becoming the norm (Balakrishnan 2001; Darroch and Marston 1971; Johnston, Forrest, and Poulsen 2001; White, Fong, and Cai 2003) .
An issue raised by the current methodological toolkit available to segregation analysts is the designation of an appropriate reference group. Many studies of segregation proceed by examining selected groups to (a) ''all others'' not in the group or (b) some key reference group. The first approach has been the case in the many dissimilarity index or exposure index studies that use group versus not-group measures. In the exposure framework, this is commonly termed an isolation index. The second option-the use of one key group-implies that this comparison is particularly meaningful or appropriate. If one takes the view that there is an established group to which one should compare others, then this set of pairings may be informative. The comparisons implicit in many conceptualizations of assimilation, most notably that of Anglo-conformity, are consistent with this approach. Thus, the social distance of a group from the culturally dominant group would be captured by the pairwise segregation index, and applications using black versus English ancestry or Polish versus English ancestry would convey this implicit comparison. In North America, the reference group of Englishorigin persons is an obvious choice. For Canada, French Canadians in Québec would also serve this role. Across studies of segregation, the reference group has shifted among whites, the English, and native whites of native parentage (NWNP).
More recent thinking about immigration, ethnicity, and segregation would suggest that the pairwise reference group and the ''allothers'' approaches are ill-advised or incomplete. Given the rise and persuasiveness of more pluralistic notions of ethnicity and immigration, there is little that is sociologically compelling about privileging a single reference ethnic group, much as in the Angloconformity approach. Furthermore, segregation seen only as residential separation from English (or some other) stock conveys a partial picture. Two groups equally isolated from the reference group may also be highly isolated from one another, or the reference group may itself be highly segregated from all other groups, even though it is often not defined in these terms. On the other hand, the limitation of analysis to ''isolation indices'' (group vs. ''all others'') exhibits the misfortune of extensive aggregation. While such aggregate pairwise indices inform us about the overall pattern of residential integration for a group, they reveal little about the ethnic residential mosaic itself. The choice of reference group, while guided by previous research and sociological relevance, is ultimately a decision made by the researcher.
Pairwise segregation analyses have also been applied to examine segregation patterns of multiple groups without a particular reference category (Darroch and Marston 1971; Guest and Weed 1976; Kantrowitz 1973; Lieberson 1963) . In these analyses, segregation was observed between all possible pairs of ethnic groups and values arrayed in matrix form. Darroch and Marston (1971) examined 12 ethnic groups in Toronto, furnishing a 12-by-12 matrix, and Guest and Weed (1976) presented a 15-by-15 matrix of ethnic group segregation in Seattle, Boston, and Cleveland. To aid the interpretation of segregation patterns, these studies and others arranged ethnic groups according to some convention-by time of arrival (''old'' immigrant groups and ''new'') or by degree of segregation. Other than through broad patterns, readers cannot easily discern a detailed picture of segregation.
This matrix display is limited by the number of groups that can be represented. For example, in Lieberson's (1963) study of 19 ethnic groups in 10 U.S. cities, he presented the pairwise segregation of 11 groups for Boston. Readers were not shown the results of pairwise segregation among the other groups or for other cities. Lieberson and others have dealt with the large array of numbers by providing mean values of segregation for each grouping and location. Thus, these researchers did not go beyond the matrix to preserve the pairwise detail.
While there may be a perception in studies of residential segregation that simultaneous pairwise comparisons cannot be conducted for multiple groups (Wong 1998) , two studies in particular have demonstrated otherwise (Simkus 1978; Prandy 1980) . Simkus (1978) applied smallest space analysis to evaluate the degree of residential segregation among 16 groups (eight occupations by two races) in 10 U.S. cities. He found a racial dimension separating the two racial groupings, whites and nonwhites, and an occupational dimension. In a study of English cities, Prandy (1980) found a direct link between social and spatial distance using 7 birthplace groups and multidimensional scaling techniques. Both of these studies demonstrate how social distance can be mapped using multidimensional scaling with numerous groups and across multiple geographic areas. While this approach gained some popularity in the 1970s and early 1980s, especially in the literature on friendship choices in the ethnic studies literature (Garrison 1979; Laumann 1973) , it did not seem to grab hold in studies of residential segregation. Rather, researchers seem to have been more concerned with assessing and refining segregation indices themselves (see Massey and Denton 1988; Massey, White, and Phua 1996; White 1986 ).
Recent efforts have been directed toward modifying segregation measures to capture the multiethnic milieu (Fischer 2003; Maly 2000; Morgan 1975; Reardon and Firebaugh 2002; Sakoda 1981; Wong 1998) . In a recent and extensive paper on multigroup measures, Reardon and Firebaugh (2002) discussed six indices, half of which were extended versions of binary indices. The common feature of these indices, akin to two-group measures, is a single summary statistic that estimates segregation among multiple groups simultaneously. Each is an indicator of segregation per se, not of the segregation patterning of multiple groups. Thus, some of the ethnic richness remains obscured, and without further analysis, patterns are not identifiable. In any case, the availability of improved measures, data management techniques, and the rapidly evolving conceptualization of ethnicity and metropolitan residence (pluralism, multiethnic metros, and the like) converge to argue for a window on residential patterns that is at once comprehensive and revealing of the pattern of that ethnic residential mosaic.
In this article, we renew the use of a method for making progress on these fronts. We apply the method to incorporate detailed ethnic diversity and provide a descriptive summary of the segregation of an ethnic group with reference to the panoply of all groups. The summary is graphical, and it is designed to show where the group is positioned in social space among dozens of other groups. To foreshadow, our approach consists of two major elements. First we reorganize census data into a set of many exclusive and exhaustive categories of ethnic identification. Second, we use multidimensional scaling to provide an overarching portrait of pairwise segregation among these dozens of groups. We choose to analyze Toronto because the city is arguably the most ethnically diverse in North America. Canadian census data are suited for the task, and the results can carry over to other settings in the United States and in other ethnically diverse societies. We turn now to describing our data and method in more detail.
DATA
We used 1996 census data from the Toronto Census Metropolitan Area 1 (CMA), in which 100 distinct ethnic groups were identified in the 20 percent sample data. The open-ended question of ancestry in the census recognized multiple identities and asked respondents to specify as many ancestry groups as were applicable, providing space for up to four groups. Almost 1.3 million people (more than 30 percent of the Toronto CMA population) chose more than one group. The most frequent multiple response categories were European-origin groups-namely, English, Scottish, Irish, French, and German. For sole ancestry, Chinese, Italian, Canadian, and East Indian had the greatest numbers of responses.
To estimate residential segregation among these ethnic groups, we used census tract tabulations. Statistics Canada subdivided the
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Toronto CMA into 813 census tracts, 2 and 804 tracts were available for the analysis due to the suppression of tracts with low numbers of residents. Of these available tracts, the average census tract held 5,275 people. Thus, Canadian census tracts in concept and execution are quite parallel to the census tract concept used in the United States.
METHOD
There were three stages in the analysis of data. The first step required us to determine the ethnic group tabulation most appropriate for the analysis. In the second stage, we calculated ethnic residential segregation by employing the pairwise entropy index. In the final stage, the application of a multidimensional scaling (MDS) technique provided the visual summary of the estimated segregation statistic. It is this multiway summary that we seek, and we discuss it in detail below. The statistical package Stata version 8.0 3 facilitated computations for the data analysis and graphing and was complemented by SPSS 11.5 for tests of dimensionality.
We have chosen to assign ancestry on the basis of what we call ''allocated responses.'' For those of single ancestry, the assignment was a straightforward 1-1 mapping. For those of multiple ancestry, we made proportional assignments, as we describe shortly. Although an analysis based only on those who report a single ancestry would have enabled a readily tractable approach, it would have also resulted in the omission of more than 30 percent of the population. An alternate option was to use total responses for an ethnic group (i.e., the total number of times an ethnic origin was identified in both single and multiple responses), but that approach would have overestimated the significance of certain groups, underestimated others, and not reflected a count of persons; hence, it was not suitable. In the end, we chose to allocate responses, which allowed us to include the entire population and to account for the numbers of responses by using a weighted measure.
Allocated responses were calculated for each census tract by dividing the total number of people who responded with multiple ancestries by the total number of multiple responses across all ethnic White et al. / MAPPING SOCIAL DISTANCE 181 groups for that tract, giving us a fraction of people to responses and weighting that figure to the multiple response column for each ethnic group. The computing formula is as follows:
where ARE ik is the allocated response per ethnic group k in tract i, MRP i is the multiple response population per tract i, MR k is the number of multiple responses per ethnic group k, MR ik is the multiple responses per ethnic group k per tract i, and SR ik is the number of single responses per ethnic group k per tract i.
This calculation sums to the census-based population tally for the census tract (unlike the option based on multiple counting of responses), and it appropriately weights the population in a count of persons for statistical purposes. It does have the slight unwieldiness-or, perhaps in the eyes of some, exact appropriateness-of assigning partial persons to given ethnic groups: to wit, 0.5 Chinese and 0.5 Italian for someone who reports Chinese-Italian ancestry. A short thinking exercise will reveal that this is the statistical equivalent of 1 Chinese-ancestry individual and 1 Italian-ancestry individual in a census tract where all populations are exactly doubled. Thus, this approach preserves the relative size of various ancestry groups and allows the unique pattern of poly-ethnicity to be represented. Except for an intermediate calculation, the approach is straightforward in the methodology as well, although we recognize that some ethnic identities may be more salient in residential segregation than others.
The sample was then limited to the largest 50 ethnic groups to allow for a more manageable data analysis (for a list of groups, please see the appendix). 4 As Table 1 shows, the largest 50 groups comprised 94 percent of the CMA population, with the smallest 50 ethnic groups taking up the remainder. Table 1 also indicates that even in a city as diverse as Toronto, there was a considerable degree of population concentration in a moderate number of ethnic groups. Five groups accounted for nearly half of the identified ethnic membership in metropolitan Toronto; 10 groups accounted for 182 SOCIOLOGICAL METHODS & RESEARCH about two thirds. After that, ethnicity diversified considerably, and a total of 30 groups were needed to account for 88 percent of the population. Another 20 groups were needed to account for an additional 6 percent of the population. We also note from Table 1 that the patterns for sole ancestry and our allocated response procedure were quite similar. For the methodological objective here, we have elected to include many groups. The least populous group in our analysis still has a size (allocated) sufficient to occupy about two census tracts.
To test the reliability of the findings, we conducted a separate analysis for each type of tabulation (i.e., single and allocated responses) and compared the results. The correlations between single and allocated responses were very high (r = 0.92), and this article focuses on the results of one analysis, the allocated responses.
Once the allocated responses were calculated for each ethnic group, we estimated two indices of segregation with these new figures, the pairwise entropy index and the dissimilarity index. The pairwise entropy index is an adjusted measure of the more general entropy or information index (H), which provides an indication of the deviation in diversity of the average tract from the diversity of the city. Introduced by Theil and Finizza (1971) , the entropy index offers some advantages over the dissimilarity (D) index. The entropy index is bounded from 0 to 1, where 0 indicates no segregation between two ethnic groups and 1 suggests complete segregation. In the pairwise entropy index, we have a measure of the deviation of the average tract diversity of each pair of ethnic groups from their 
where n 1 is the population of ethnic group 1 in census tract i, n 2 is the population of ethnic group 2 in census tract i, and " H is the average census tract pairwise entropy measure.
where N 1 is the citywide population of ethnic group 1, N 2 is the citywide population of ethnic group 2, and H * is the citywide pairwise entropy measure.
The dissimilarity index, also known as D, is one of the most commonly applied indices of segregation. We calculated dissimilarity for comparability with the host of segregation studies since it is, after all, the ''workhorse'' of segregation measurement (White 1986 ). Its deficiencies are several, and they mostly have to do with technical properties of responses to varying compositional features of the population, inability to be aggregated, and the like (White 1986 ). The superiority in the entropy index rests in its inherent ability to handle multiple groups and its decomposition properties. Used in pairwise form, entropy and dissimilarity give consistent results in the Toronto setting (a Pearson correlation greater than .90). With two series of segregation statistics computed for each of the 1,225 pairs of ethnic groups, we summarized all pairwise segregation values using MDS procedures.
Multidimensional scaling (MDS) is an analytical technique that is used to reveal the latent data structure among a number of objects in low-dimensional space. Unlike factor analysis and cluster analysis, MDS generates a geometric (spatial) representation of a set of proximity or distances among objects. This technique is advantageous 184 SOCIOLOGICAL METHODS & RESEARCH due to this ability to illustrate simultaneously patterns of distance. A common example used to illustrate the logic of MDS is a data matrix of geographic distances among a set of cities within a country. The corresponding MDS configuration plots the location of cities in a two-dimensional geometric space (with north/south and east/west dimensions) and displays a map representing their geographic distances. One key advantage of MDS is that it is not limited to geographic distances but can be applied using any data matrix that reflects the degree of similarity or dissimilarity among variables or observations. And as in factor analysis, interpretation of the dimensions lies with the analyst. In our case, we apply this technique to our collection of pairwise ''social'' distances.
Given our 50-by-50 data matrix of Toronto's ethnic groups and 1,225 pairwise segregation values, MDS offers us a way of reducing this vast array of data into a more manageable analysis without excluding any of the groups. We use MDS to generate a set of Euclidean coordinates in low-dimensional space to summarize the information in the original matrix (for additional information on MDS, please refer to Kruskal and Wish 1978; Mardia, Kent, and Bibby 1979; Cox and Cox 1994; Timm 2002) . Essentially, each group is assigned coordinates on a two-dimensional configuration in relation to the magnitude of values between it and each of the 49 other groups. The procedure seeks the best approximation of the original matrix.
5
The number of dimensions in MDS can be specified by the researcher, and it is generally limited to two or three for ease of visualization and interpretation. We chose a two-dimensional plane for several reasons. First, a scree plot of stress values on the number of dimensions suggested that a third dimension offered only modest improvement in fit. Second, our visual examination of a threedimensional plot did not appear to provide any additional substantive insight (i.e., no new ethnic clusters emerged beyond those seen in the two-space configuration).
6 Since the full information set is contained in the original 50-by-50 segregation matrix, a careful examination of that matrix or its cells gives the exact residential proximity of groups. A technique such as MDS allows the analyst to summarize patterns of proximity. These considerations combined to lead us to prefer the two-dimensional representation. White et al. / MAPPING SOCIAL DISTANCE 185 In the MDS configuration, the axes and orientation are arbitrary, and points on the graph are to be interpreted in relation to other points. Larger values in the original matrix are read as greater distances between pairs, and smaller values are interpreted by the MDS algorithm as proximate ethnic pairs. Therefore, ethnic pairs sharing low levels of segregation should appear in closer proximity than those sharing high levels of segregation based on estimates of the pairwise entropy index. The final product that emerges is a configuration or ''map'' of segregation of each ethnic group with every other.
RESULTS
Taking each pair of segregation values as a measure of distance, we generated a multidimensional scaling configuration (Figure 1 ) or a map of social distance with population weights reflected in the magnitude of the circles. There will almost always be some degree of error between the distances among points on an MDS configuration and segregation statistics from the original matrix since the technique must account for each group's distance to every other in n-dimensions. The degree of the lack of correspondence is often called ''stress,'' and there are a number of tests to determine the goodness of fit. Stata 8.0 provided goodness-of-fit statistics, and we found that the configuration of ethnic groups based on the entropy index of allocated responses provided the best fit to the segregation matrix. The alpha statistic (from Stata) included in Table 2 informs us that this two-dimensional MDS configuration fits about 76 percent of the original matrix of pairwise segregation values. 
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These findings suggest that the visual MDS illustration presented in Figure 1 is an adequate representation of the segregation between each pair of ethnic groups. Those groups with higher segregation values from other groups are situated at greater distances, and ethnic pairs with lower segregation values appear as closer neighbors. However, this may not always be precisely the case for any unique ethnic pairing since the MDS technique positions each group in accordance with its distance from all others. Therefore, there is a possibility that two highly segregated groups similarly segregated from other groups may be displayed in close proximity. (Obviously, the original matrix contains the precise measure of segregation for any specific pair of groups.) The significance of the two-dimensional representation lies in the relative position of all of the ethnic groups and the overall position in the center or periphery. The pattern of clustering is also quite informative. Figure 1 is quite revealing in terms of the overall pattern of ethnic segregation-multigroup proximity-in Toronto. Much of this information would not be revealed in a conventional ''in-group versus all-others'' analysis of dissimilarity or isolation. We observe, for instance, that the two charter groups of French and English origin are found fairly proximate to one another. Pairwise entropy (dissimilarity) between these two groups is relatively low, at 0.019 (0.139). This is so, despite the heritage of linguistic and political distance between the groups. Interestingly, those who identify as Canadian fit in this circle of ethnic groups. The right inset in Figure 1 displays the European cluster stretched along the y-axis. From the MDS ''map,'' we observe some evidence of clustering based on regional identities. African-origin, Caribbean-origin, and other blacks appear to be highly clustered (see expanded inset on the left side of Figure 1 ), suggesting high levels of residential integration and shared patterns of segregation with other ethnic groups. Similarly, clustering among several Western European and among South Asian groups is evident. On the other hand, several other ethnic groups (e.g., Russian, Vietnamese) do not appear to align as distinctively within an overarching grouping. In MDS, the x-and y-axes are arbitrary, as in other multivariate data summary techniques such as factor analysis. Thus, the axes need to be labeled ex post. The horizontal dimension suggests a racial dimension. The y-axis is less well differentiated along a clear characteristic, although region seems to play a role, with several Asian origin groups appearing in the upper quadrants.
To gain some further insight into the pattern, we undertook a statistical cluster analysis. This cluster analysis of the MDS coordinates supports our overall finding. The first cluster consisted of most of the European groups but also included several non-European groups such as the Japanese and Egyptian groups. A second large cluster consisted of South Asians, Africans, Caribbeans, and blacks. Generally, we find there is nearly as much variation within racial groupings as there is among them.
For Asian subgroups, there is evidence of dispersion across the graph. Chinese, Korean, and Filipino groups appear to be closer to one another than they are to Western European stock and African, Caribbean, and black groups, yet they are similarly, if not more, distant to other Asian groups-namely, the Japanese, Pakistani, East Indian, Vietnamese, and Punjabi groups. This has significant implications. Many studies of urban residential patterns group Asians into a catchall category and analyze patterns of segregation for such an aggregate. This detailed picture arising from MDS suggests that such broad panethnic categorizations may provide a distorted picture of residential segregation. National-origin subgroups within such broad categories may be far less residentially integrated with others in the panethnic category than is presumed by the common classification.
Similarly, some of the most highly segregated groups (often those located at the periphery in the geometric sense-Jews, Maltese, Armenians, and Iranians) would be included in the racial classification of white. Here we observe within-group differences as substantial as differences across racial groups, despite their shared location in the right half of the graph. Many of these more segregated groups are less populous, but the association between small numbers and residential isolation appears only modest. Finally, the omission of Latino subgroups due to their low numbers in Toronto precludes us from investigating whether similar conclusions can be made about this other panethnic grouping.
Other than with the relative location of ethnic groups in space, consumers of segregation statistics should be concerned with the scale of segregation. We refer to the original matrix since we cannot tell how close the two most distant groups are to complete segregation (the value of 1 in the entropy index). For the case of Toronto, the largest value of segregation is between the Jewish and Punjabi, with an entropy (dissimilarity) value of 0.825 (0.93). This suggests that there is minimal overlapping of residential space between these two groups such that a neighborhood with many Punjabis would be unlikely to also consist of people of Jewish ethnicity. While the groups are not large in population size, the point remains and applies with somewhat more force for other pairings, such as the Vietnamese and the Filipinos. There is, for certain, a relative clustering of the European stock population, yet the relative distances among such national-origin groups tells us that even the common amalgamation in the segregation literature may be somewhat dubious. We turn to illustrating this point in the next section.
One final observation of the MDS configuration points to the effect of group size on segregation patterns. The graph suggests that White et al. / MAPPING SOCIAL DISTANCE 189 the most populous ethnic groups are not all located in the center, although this is the predominant pattern. Likewise, the smallest groups are not entirely situated at the periphery as one might expect. Notably, Jews and, to some extent, the East Indians and Chinese-all numerically significant ethnic groups relative to the others-lie outside of the sizable ''European'' cluster. Smaller ethnic groups, such as Serbians, the Spanish, and Macedonians, are found closer to or within this central cluster. These results suggest that while group size may be relevant, there is much more to the story of segregation in Toronto. 7 In an attempt to further examine the fit of the model to the matrix of original values, we reduced the number of groups using the residuals from a bivariate regression of Euclidean distances in the MDS configuration on the entropy index.
8 While several ethnic pairs were noticeably closer on the MDS configuration for their level of entropy, omitting the poorly fitting groups did not greatly shift the remaining ones in the figure, and the various MDS configurations presented similar results (and stress statistics) for the groups in the model. This assessment reaffirmed to us that while the reduction of the number of ethnic groups may improve the goodness of fit, it may not significantly modify the visual depiction of our interpretation of the relative standing of ethnic clusters. This suggests that users of MDS for segregation might begin with a selection of the most populous groups and then gradually add others, inspecting both the goodness of fit and the visual representation throughout the process.
ALTERNATIVE APPROACHES TO ETHNIC CLASSIFICATION
To assess the added value of the procedure, we compared our results to alternative approaches. We examine two alternatives, each of which offers a different approach to the aggregation and classification of groups. First, we repeated the MDS analysis by collapsing the raw data on ''visible minority'' population counts by tract from the original census data into five categories: Asian, black, Latino, white, and other.
9 That is, we moved from a 50-by-50 matrix to a 5-by-5 matrix. Second, we reclassified the 1,225 pairwise segregation groups 190 SOCIOLOGICAL METHODS & RESEARCH into five racial/panethnic groupings to assess within-group and between-group variation for these broader classifications. These findings are each addressed in turn.
The results from the first approach generated some additional insights from aggregation. Given the location of particular white and Asian ethnic groups in the MDS configuration (e.g., Jewish, Maltese, Armenians, Tamils, Sri-Lankans, and Punjabis), we would have expected higher levels of segregation for these two racial groups. In accordance, the application of ''visible minority'' pairwise 5-by-5 segregation results (Table 3) to characterize residential segregation in Toronto found this to be the case. We also found that blacks were more segregated from whites than they were from other groups. Asians, blacks, and ''others'' appeared to share similar distances to Latinos and whites. However, despite some consistencies, the range in the entropy statistics suggests that segregation in Toronto was relatively low among aggregated visible minority groups (.07 to .20). This grossly masks the variation of pairwise ethnic group segregation in Toronto, which ranged from .01 to .83.
Our second approach assessed mean levels of segregation across broader racial/panethnic groupings. Using the 1,225 ethnic pairs in our 50-by-50 data matrix as observations, we conducted a one-way ANOVA test with categories defined by panethnic groupings. Hence, for each pairing of ethnic groups, (e.g., Arab-Maltese or SomaliWest Indian), we assigned a categorical variable to all subgroups that fell within a shared panethnic grouping. We allocated each pairing of ethnic groups into one of four racial/panethnic categories-whites, blacks, Asians, and others-and a fifth consisting of mixed pairings. We then evaluated within and between variations for these categories, employing a standard ANOVA test. 10 Support for aggregation would imply low levels of segregation within each of the racial/panethnic categories (with perhaps the exception of ''others'') and a high level of between-group variation.
The results revealed a slightly higher level of segregation between ethnic group pairs that do not share phenotypic or regional backgrounds (Table 4) . Segregation between Asian subgroups was also high, averaging around .41. Within-group segregation was the lowest for black subgroups, followed by ''others.'' The mean level of white subgroup segregation fell in between the levels found for Asians and blacks. This suggests that shared race or panethnicity may be more relevant for the residential outcomes of some groups and less for others. Furthermore, black ethnic pairs not only exhibited the lowest mean within-group segregation but were also characterized by the smallest range in segregation values (.12 to .54) compared with Asians (.15 to .71) and whites (.01 to .74). It should also be noted that the level of dispersion across four out of five groupings was very similar (the fifth being the ''other'' group, with only three ethnic groups). Finally, the ANOVA estimate of the measure of covariation (η 2 ) suggests that racial/panethnic groupings explained approximately 8 percent of the variation in pairwise ethnic residential segregation, not a substantial amount. The message we take away from both alternative approaches to ethnic classification is that aggregation conceals the range of segregation across Toronto's ethnic groups and masks a high degree of variation.
DISCUSSION
The foregoing analysis of residential segregation with a data reduction technique as a tool for viewing and summarizing a myriad of multigroup residential patterns suggests that segregation is much more complex than the picture offered by the broad racial and panethnic classifications often used by social scientists.
The results confirm what social scientists have always known about racial constructions: There can be as much variation within racial groupings as across them, and ethnic distinctions at a finer scale may provide a greater understanding of residential integration. Yet, the picture of segregation we observed also underscores the assertion by racial stratification theory that argues that blacks are particularly disadvantaged residentially. In Canada, there also appears to be evidence of racial divisions, at least in Toronto. The primary (x-axis) dimension of Toronto's segregation map (through multidimensional scaling) demonstrates some degree of residential clustering of blacks, Africans, Caribbeans, and South Asians at one end and of Europeans at the other. A second issue was that of the utility of a reference group in current segregation analyses. This requirement is eliminated with the present approach, offering an advantage over other contemporary methods. While we use pairwise segregation statistics, we are no longer limited by our analytical techniques to select one group (or the ''all-others'' group) as a reference. Rather, any group can be referenced to any another, and meaningful interpretations can be gathered without limits imposed by the researcher or the technique. Our methods are now compatible with critiques of theories of integration that have challenged the simplistic view of immigrant adaptation as a dichotomy of integration or segregation (Breton 1964) . Integration should be more precisely conceptualized as integration with particular groups, recognizing that in a diverse society, individuals can be integrated with any number of ethnic groups or with none at all. White et al. / MAPPING SOCIAL DISTANCE 193 Several competing explanations might be invoked to help shed some light on the patterns observed for Toronto. On one hand, the ''vintage-socioeconomic status (SES)'' explanation might hold. Seen as a rudimentary application of straight-line assimilation theory applied to space, the vintage-SES explanation would argue that residential patterns of immigrant groups and their descendents are primarily a function of socioeconomic resources and time. (The most extreme form of this would argue that vintage should explain all since convergence with time should perforce eliminate SES differentials among ethnic descendents.) Differential distributions of racial and ethnic groups should be then explained by their differential socioeconomic status and length of residence (vintage) such that with rising social and economic resources, ethnic groups should become more integrated. In terms of the visual depiction, we would expect those ethnic groups that are situated in close proximity to one another to share similar levels of socioeconomic resources and to have arrived in Canada around the same period. The isolated groups at the extremes in the graph should occupy the lowest levels of the socioeconomic ladder and should reflect the newest arrivals, according to this model. To some degree, this ''vintage'' explanation appears to hold for Toronto, with the earliest immigrants (i.e., Western Europeans) tending toward the center and some groups arriving after the change in immigration policy in 1962 (i.e. Pakistani, Jamaican, Somali) tending to be located off-center in the configuration. To be sure, one should be skeptical of such a simple and overarching pattern applying to the multiethnic context, particularly since work on blackwhite residential dynamics some time ago challenged any universal application of the conventional residential succession model (Lee and Wood 1991; Massey and Denton 1993) .
So, too, the Canadian case is more variegated. Studies that have controlled for socioeconomic status show that segregation persists (Balakrishnan 2001; Balakrishnan and Hou 1999; Darroch and Marston 1971; White et al. 2003) . The residential pattern of Jewsidentifiable in the Canadian census but not the U.S. census-provides further evidence contrary to spatial assimilation theory as their level of segregation has endured as one of the highest for, at minimum, four decades (Balakrishnan and Hou 1999; Darroch and Marston 1971; Kalbach 1990 ). This supports a view of residential integration in which the interaction of several characteristics influences patterns of segregation.
Other explanations for such patterns of residential segregation would invoke additional behaviors and social mechanisms, including discrimination, prejudice, and ethnic cohesion. As with almost all studies of residential patterns from census data, simple summary statistics cannot separate these mechanisms. To the extent that social distance (Peach 1975 ) is reduced with time, the degree of social interaction between immigrants and natives should increase, and so should geographic proximity. Preferences and attitudes of group members play a large role in bringing about residential patterns, and these are played out through residential mobility and discrimination in real estate practices. Ethnic cohesion is also named as a contributor to residential separation. Still others have argued that residential distinctiveness is a result of the values of multiculturalism and the promotion of cultural pluralism (Balakrishnan and Hou 1999) . Finally, members of some groups are not able to exercise their preferences but are settled in particular areas by government authorities. Specifically, refugees and asylum seekers are housed in a few pockets around the city, and their arrivals in large numbers may partly explain the high levels of residential segregation. In Toronto, the groups most likely to be affected by such government services are the Tamils, Sri Lankans, Croatians, Somalis, and Iranians.
It is a challenge to compare this analysis with past studies on the segregation of ethnic groups in Canada, as there is a paucity of studies that have systematically addressed the residential segregation of all groups simultaneously. In one relevant study of Toronto, Kalbach (1990) identified the degree of segregation of more than 15 ethnic groups from the English third-plus generation and found similar patterns in 1981 to those we identified for 1996. Germans were the least segregated from this reference group, and the Jewish, Portuguese, and Russians were the most segregated. Other available studies have examined the segregation of major visible minority groups such as Asians, Chinese, South Asians, and blacks (Balakrishnan 2001; White et al. 2003) or focused on one particular group such as Latin Americans (Darden and Kamel 2000) . A further complication in comparability is the inclusion of additional metropolitan areas White et al. / MAPPING SOCIAL DISTANCE 195 in measures of urban segregation. However, one study did examine 12 ethnic groupings (Balakrishnan and Hou 1999) , and our results appear to be consistent with their findings.
There remain several opportunities for extensions to this approach. As work expands to multiple metropolitan areas, a goodness-of-fit measure, perhaps the stress statistic, might facilitate comparisons. This would also help to compensate for the relative arbitrariness of the MDS axes. In addition, other extensions could more explicitly capture the spatial relationships among tracts. One could calculate pairwise residential segregation using one of the explicitly spatial indices, thus addressing what White (1983) referred to as the checkerboard problem. These could then be fed into a summary analytical scheme, such as MDS used here. Several existing indices have been criticized as being nonspatial (Grannis 2002; White 1986; Wong 1998) , and the MDS technique could readily incorporate the degree of spatial clustering among ethnic groups.
In essence, the approach we outline here, drawing on MDS, gives the researcher an additional tool to augment the kit already at hand. This tool facilitates the analysis of metropolitan areas with many ethnic groups, does not impose a single reference group, and yet still seeks an overall summary of the ethnic pattern.
CONCLUSION
In this article, we have endeavored to improve the analyst's window on residential segregation, especially in light of the increasing ethnic diversity of contemporary North American cities. We constructed a map of social distance of 50 ethnic groups in Toronto by calculating the entropy (and dissimilarity) index among all pairwise groupings. We summarized this information with multidimensional scaling techniques. We argue that the method proposed in this article provides a more adequate representation of the ethnic diversity in urban areas and that it provides improved insights over current procedures for analyzing ethnic group segregation. Our MDS graphical summary reveals the relative sociospatial positions of ethnic groups that would otherwise be lost in a conventional segregation analysis of a group versus all-others approach.
SOCIOLOGICAL METHODS & RESEARCH
In terms of methodology, this approach offers an advance over current methods in several ways. While the use of MDS and other related techniques is not entirely new to the segregation literature, we argue that contemporary circumstances make it worthwhile to revisit this method and its application. First, MDS does not restrict the number of ethnic groups that can be included in the analysis simultaneously. Analysts are no longer limited to a small number of groups, as we demonstrated in our analysis of the 50 largest ethnic groups in Toronto. Without limitations in computational technology and legibility, we could have generated a map of all 100 ethnic groups. In theory, any number of groups can be analyzed with this technique. In practice, this will be constrained by the issue of dimensionality and goodness of fit.
Second, we are now less constrained by our methods to view ethnic group relations according to a researcher's choice of a reference group. Analysts can observe ethnic group relations in their full complexity or by selecting one ethnic group of interest. The MDS configuration represents just one possible manifestation of the adaptation process, and we may achieve more comprehensive interpretations through the observation of long-term trends in multiethnic residential patterns.
We have elected also to limit our analysis and presentation to two dimensions, as have others.
11 This decision is supported partly by the limited statistical improvement with the introduction of a third dimension and partly by the ease of visual interpretation that comes with a two-dimensional depiction. Work with alternative models confirmed the value of this approach. Clearly, investigators need to strike a balance between the number of groups and the amount of distortion that is introduced into any reduced dimensionality of an MDS configuration. In another attempt to examine the fit of the model to the matrix, we reduced the number of groups using the residuals from a bivariate regression of Euclidean distances in the MDS configuration on the entropy index. Omitting selective pairs with poorer fit did not greatly shift the remaining ones in the figure; overall, the various MDS configurations presented similar results for the groups in the model. This assessment reaffirmed to us that while the reduction of the number of ethnic groups may improve the goodness of fit, it may not significantly modify the visual depiction or our interpretation of the relative standing of White et al. / MAPPING SOCIAL DISTANCE 197 ethnic clusters. This suggests that users of MDS for segregation might begin with a selection of the most populous groups and then gradually add others, inspecting both the goodness of fit and the visual representation throughout the process.
While our primary orientation has been methodological, this work offers a substantive contribution as well. In addition to the delineation of Canadian ethnic groups in social space, we show that the aggregation of ethnic groups by panethnicity may sacrifice much information. More specifically for Toronto, black within-group segregation is lower than that for whites, which is in turn lower than that for Asians. Our results also point to the relative sociological position of certain groups (e.g., the relative centrality of the French and British stock and, more noteworthy, the more peripheral position occupied by Jews and selected groups of recent vintage).
Prior two-group approaches have failed to adequately represent the range of groups that are spatially and temporally connected. Social science (and policy) has clearly shifted from viewing the world in terms of black and white to a world composed of a spectrum of ethnicities. The context of increasing international migration provides the impetus for methodological innovations that promote congruity between statistical methods and contemporary social patterns.
